Cell adhesion: parallels between vertebrate and invertebrate focal adhesions  by Labouesse, Michel & Georges-Labouesse, Elisabeth
Cell Adhesion: Parallels Between
Vertebrate and Invertebrate Focal
Adhesions
Dispatch
Michel Labouesse and Elisabeth Georges-
Labouesse
Recent studies highlight the striking similarity
between vertebrate focal adhesion plaques and
Caenorhabditis elegans muscle adhesion structures
and position LIM domain proteins as central players
at focal adhesions.
Cell attachment, spreading and motility result from a
precise coordination between adhesion molecules
and the cytoskeleton. In the past years, analysis of
adhesion receptors has led to the idea that adhesion
complexes are platforms where many molecules meet
to organize the cytoskeleton and trigger signaling. In
parallel, spectacular progress in the cytoskeleton field
has led to the discovery of molecules that function in
actin dynamics. New reports bring us novel insights
into molecules that bridge both fields [1–6]. The
progress has come in part from the use of yeast two-
hybrid analysis as a strategy to reveal molecular inter-
actions, and in part from input brought by genetic
analysis in invertebrates.
Pioneering work from the Waterston laboratory had
set the stage in the early 1990s by drawing a parallel
between Caenorhabditis elegans myofilament anchor-
ing structures (known as dense body and M line) and
vertebrate focal adhesion plaques [7]. It was noticed
that mutations causing an embryonic arrest at two-
fold length with paralysis often affected muscle
attachment components (hence the name pat to des-
ignate those mutants). Exploiting the collection of pat
mutants, Ben Williams, Don Moerman and their col-
leagues, among others, demonstrated that the assem-
bly of muscle attachments depends on the novel
FERM domain protein UNC-112, the integrin-linked
kinase (ILK) homologue PAT-4 and the PINCH homo-
logue UNC-97 ([8–10] and references therein). In par-
allel, Nick Brown and colleagues reached a similar
conclusion for ILK and talin involvement in muscle
biogenesis in Drosophila [11].
In their new study, Williams and colleagues have
analyzed the role of the gene pat-6 [3], which appears
to encode a homologue of the actin-binding protein
actopaxin/parvin/affixin/CH-ILKBP [12–15]. In agree-
ment with results obtained in vertebrates [16], Williams
and colleagues show by yeast three-hybrid analysis
that PAT-6 forms a complex with UNC-112 and PAT-4.
There are several important lessons to be learnt from
this powerful epistasis analysis of pat-6. This group
provides the first in vivo analysis of actopaxin function,
which should help clarify the partially conflicting con-
clusions derived from in vitro studies [13–15,17]. In
addition, they show that pat-6 mutations do not affect
the formation of integrin foci, nor the initial recruitment
of PAT-4, UNC-112 or DEB-1 (C. elegans vinculin
homologue) to the basal sarcolemma, but block their
further maturation into functional sarcomere attach-
ments [3]. Conversely, they show that PAT-6 is essen-
tially absent in PAT-4 and UNC-112 mutants, but still
present in DEB-1 mutants. Together, these results
strongly argue that PAT-6 acts downstream of integrin
and within a complex with UNC-112 and PAT-4, to
which it is the last protein to be recruited. It also sug-
gests that DEB-1 is recruited to myofilament attach-
ment sites independently of this complex (Figure 1).
In parallel, Carey Wu’s laboratory decided to char-
acterize Mig-2 (mitogen-inducible gene 2), the verte-
brate homologue of UNC-112 [5]. This group has
shown that Mig-2 is localized at adhesion sites
between cells and the extracellular matrix (ECM) as
well as along actin stress fibers. To understand how
Mig-2 acts, Wu and colleagues searched for binding
partners and identified a novel protein containing a
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Figure 1. Proteins at focal adhesions and C. elegans muscle
attachments.
Only proteins mentioned in the text are indicated in this
drawing. Genetic analysis in C. elegans suggests that the
talin–DEB-1 (or talin–vinculin) and PAT-4–PAT-6–UNC-97 (or
ILK–actopaxin–PINCH) complexes are assembled indepen-
dently from each other. It is not yet known how the
ILK–actopaxin–Mig-2 complex is tethered to the integrin dimer.
In the key, C. elegans proteins are shown in dark blue, mam-
malian proteins in red.
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proline-rich amino terminus and three LIM repeats.
Using the same powerful two-hybrid strategy, they
then identified the actin-binding protein filamin as a
binding partner of this LIM protein (hence its name
Migfilin for Mig-2 and filamin interactor). Migfilin binds
to Mig-2 through its LIM domain and to filamin
through its amino-terminal domain (Figure 1).
To determine how Mig-2 and Migfilin act, Tu et al.
[5] examined the effect of RNAi of both genes in cells.
Their work reveals a function for Mig-2 and Migfilin in
cell spreading on adhesive substrates such as
fibronectin and laminin. Interestingly, despite the
effects on cell spreading, Mig-2 depletion results in
diffuse localization of Migfilin but does not affect the
recruitment of paxillin to focal adhesions. Conversely,
Migfilin depletion does not affect Mig-2 recruitment to
cell–ECM adhesions, implying that it acts downstream
of Mig-2 [5]. Thus, the assembly of focal adhesion
plaques in vertebrate cells may involve parallel path-
ways, as in C. elegans. The observation that Migfilin is
important to stabilize F-actin and binds to filamin, a
protein that interacts with effectors of the Rho family
GTPases [18], further indicates that one branch of the
pathway might be used to elicit GTPase signaling.
Although the function of filamin has not yet been
established in C. elegans, a search for mutations that
can restore motility to severely paralyzed animals car-
rying a weak unc-112 allele uncovered a gene named
dim-1 [4]. DIM-1 is an immunoglobulin-repeat con-
taining protein distantly related to myotilin, which in
vertebrate muscles interacts with filamin [19].
Although DIM-1 does not colocalize with UNC-112,
genetic analysis indicates that DIM-1 may stabilize
thin filaments upon muscle tension [4].
Mig-2/UNC-112 and Migfilin arrive to a scene where
a number of molecules are already present. In particu-
lar, UNC-112 interacts with the serine/threonine kinase
ILK, which had been isolated a few years ago by virtue
of its interaction with β1-integrin. As proposed by
Zervas and Brown [11], ILK may constitute a scaffold-
ing protein. The mouse ILK knockout now comes to
confirm this role of ILK. Fibroblast-like cells derived
from ILK null mice display strongly reduced spreading
activity on different ECM substrates, in general lack
focal adhesions and tend to accumulate clumps of 
F-actin at the plasma membrane [6].
The discovery of Migfilin and the parallel character-
ization of several other proteins strengthen the idea
that LIM proteins play key functions at focal adhe-
sions (Figure 2). In particular, TES, another protein
with three LIM domains, recently gained prominence
[1,2]. TES, which was previously known as a putative
tumor suppressor gene, can interact with two focal
adhesion proteins, zyxin, yet another LIM protein, and
Mena which is thought to antagonize capping proteins
at the barbed end of actin filaments [18].
Interestingly, the LIM1 zyxin-binding domain of TES
appears to be masked in the full-length protein by an
intramolecular interaction with its own amino-terminal
domain [1,2]. This conformational switch offers numer-
ous options to control its subcellular localization and
selective interaction with binding partners depending
on specific stimuli. In support of this idea, Garvalov
et al. [2] show that TES and Mena recruitment to focal
adhesions depends on the presence of zyxin. Consis-
tent with the proposed role of Mena, Coutts et al. [1]
showed that overexpression of TES transiently leads to
larger cells with an increased number of protrusions.
The emerging view is thus that LIM proteins play a
critical role at focal adhesions. To add complexity to
this unfolding story, several focal adhesion LIM pro-
teins have also been found in the nucleus [20].
Whether their focal adhesion and nuclear localization
reflect two functions or a means to regulate their activ-
ity is not yet clear. The challenge is now to understand
the dynamics of LIM protein assembly and whether a
given LIM protein dictates a specific cellular output.
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Figure 2. LIM proteins at ECM adhesion sites.
LIM domains are zinc-finger motifs known to mediate
protein–protein interactions. The relationship between some
vertebrate LIM domain proteins associated with adhesion com-
plexes is illustrated by this neighbor-joining phylogenetic den-
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